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COLUMN DECODER 

A memory device includes multiple data I/O lanes and 
corresponding lane or column decoders. Instead of provid 
ing the same address to each column decoder, decoder logic 
calculates potentially different column addresses depending 
on the needs of the device utilizing the memory. For 
example, the column addresses might be based on a received 
CAS address and an accompanying offset. This allows data 
access at alignments that do not necessarily correspond to 
CAS alignments. The technique is utilized in conjunction 
with graphics Systems in which tiling is used. In Systems 
Such as this, memory offsets are specified in terms of pixel 
columns and rows. The technique is also used in conjunction 
with a router Such as a TCP/IP router, in which individual 
packets are aligned at CAS boundaries. In this situation, the 
decoder logic is alternatively configurable to allow access of 
either an information packet or a plurality of packet headers 
during a Single memory access cycle. 
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GRANULARITY MEMORY COLUMN ACCESS 

CROSS-REFERENCE(S) TO RELATED 
APPLICATION(S) 

0001. This U.S. Patent Application is a continuation 
application of prior application Ser. No. 09/949,464, filed 
Sep. 7, 2001. 

TECHNICAL FIELD 

0002 The invention relates to memory devices and in 
particular to memory devices in which variable, overlapping 
groups of Storage units can be accessed. 

BACKGROUND 

0.003 Typical DRAM memory is accessed using sequen 
tial row and column operations, typically referred to as RAS 
(row address strobe) and CAS (column address strobe) 
operations. RAS operations Specify row addresses, and CAS 
operations Specify column addresses to Select columns 
within the previously addressed rows. 
0004 FIG. 1 illustrates pertinent components of a typical 
DRAM memory device 10. DRAM 10 comprises a plurality 
of memory arrays 12, each having a plurality of memory 
Storage units (represented as Squares within arrayS 12). In 
this simplified example, there are eight rows of memory 
Storage units. There are six columns of Storage units within 
each array. Each storage unit comprises one or a plurality of 
individual memory cells. 
0005 Memory device 10 has a row decoder 14 that 
receives a row address during a RAS operation. The row 
decoder is sometimes referred to as an “X” decoder. 

0006 The row address specifies a particular row of 
Storage units. The RAS operation causes this row of Storage 
units to be read into Sense amplifiers (not shown). The same 
row is typically read from each of the multiple memory 
arrays 12. In FIG. 1, a row of storage units is highlighted to 
indicate that this row has been selected by row decoder 14. 
0007 For purposes of discussion, the storage units are 
labeled with identifiers comprising an alphabetic character 
with a numeric Subscript. The alphabetic character indicates 
the array in which the Storage unit resides, and the Subscript 
indicates the column within the array. For example, Storage 
unit B is the Storage unit at column 3 of array B. 
0008. The DRAM device 10 also has column decoders 
16, which are also sometimes referred to as “Y” decoders or 
lane decoders. In this example, there is a column decoder 
associated with each of the four memory arrays 12. The 
column decoders correspond to data I/O lanes 18 through 
which data is communicated to and from memory device 10. 
Each data I/O lane comprises a number of individual I/O 
lines corresponding to the number of memory cells in each 
data Storage unit. For example, each I/O lane might be a 
thirty-two bits in width. Combined, four I/O lanes of this 
width would allow 128 bits or 16 bytes of parallel data 
CCCSS. 

0009. The column decoders receive a column address that 
is Specified during a CAS operation. Each column decoder 
is responsive to the Specified column address to generate a 
column select signal (not specifically shown in FIG. 1) that 
Selects a column of Storage units from the row that was 
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previously Selected during a RAS operation. In the example 
shown, the Specified column address has resulted in a 
column Select Signal corresponding to column 2-this is 
illustrated by the vertical line extending downward from the 
Selected row and column within each of arrayS 12. 
0010. In response to a column selection during a CAS 
operation, the column decoderS transfer data from the 
Selected Storage units to or from I/O pins or connectors 
corresponding to the individual bit lines of the data lanes 18. 
0011. The data contained in a single row, which is speci 
fied during a RAS operation, is Sometimes referred to as a 
page. Once a RAS operation has been completed, it is 
possible to complete multiple Subsequent CAS operations to 
read various portions of the Specified row or page, without 
the necessity of intervening RAS operations. Each CAS 
operation is carried out with a specified column address, and 
each column address corresponds to a unique Set of Storage 
units. In the example discussed above, where there are four 
data lanes of 32 bits each, each 11 column address corre 
sponds to a unique 16 bytes of information that can be read 
from or written to the memory device in parallel. 
0012 Note that some memory devices contain multiple 
banks of Storage cells that may or may not share row and 
column decoders, although each bank does have dedicated 
Sense amplifiers. 
0013 FIG.2 shows an entire row or page of storage units 
20, delineated by CAS boundaries that define the unique sets 
or groups of Storage units that can be accessed during any 
given CAS cycle. With a CAS address of 0, the column 
decoders 16 of FIG. 1 select the first column of each 
memory array and transfer information to or from the 
storage units of those columns. With a CAS address of 1, the 
column decoderS 16 Select the Second column of each 
memory array. For each CAS address, the lane decoders 
Select a corresponding unique Set or group of the Storage 
units. Each unique Set is formed by corresponding columns 
of the memory arrays that are presented in parallel at data 
I/O lanes 18. 

0014 Thus, the size of the data I/O path typically dictates 
the alignment at which data can be accessed. More specifi 
cally, the alignment of data acceSS is fixed by the CAS 
boundaries, the addressing Scheme divides the Storage units 
into discrete, mutually exclusive groups corresponding to 
different CAS addresses, and access of any individual Stor 
age unit requires accessing the entire group to which the 
Storage unit belongs. For example, storage unit C can only 
be retrieved in a group that contains Storage units A, B, C, 
and D. 
0015. In some cases, it is desired to access a relatively 
Small number of Storage units that Span multiple groups. 
Even though the number of desired Storage units might be 
less than the number of Storage units within any given group, 
it is 11 necessary to perform two or more CAS operations if 
the desired Storage units span two or more groups. 
0016. In FIG. 2, for example, suppose it is desired to 
acceSS Storage units Do and A. Because these two Storage 
units fall under different CAS addresses, two CAS opera 
tions are required to access the two storage units. A first CAS 
operation accesses Storage units Ao, Bo, Co, and Do, and a 
Second CAS operation accesses Storage units A, B, C, and 
D. 
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0.017. This has not been a significant limitation in the 
past, because the width of the data I/O path has been 
relatively limited, and most I/O accesses Span Several CAS 
addresses. However, current Speed requirements are result 
ing in memory devices having relatively wide data paths, 
such as 16 bytes or wider. When the data path becomes this 
wide, many data accesses involve a number of contiguous 
Storage units that is Smaller than width of the data path. 
Furthermore, the nature of Some data Storage applications 
makes it difficult to ensure that memory accesses will be 
aligned at CAS boundaries. Memory accesses tend to be leSS 
efficient in applications Such as this. 
0.018. A computer graphics Subsystem is an example of 
an application that might utilize Small transferS at an align 
ment that does not necessarily correspond to CAS bound 
aries within a memory device. Computer graphics Systems 
typically use DRAM memory to store pixel information. 
Such pixel information might include color component 
intensities, Z buffer data, texture information, Video data, 
and other information related to an array of displayed pixels. 
0.019 Computer graphics systems typically include a 
graphics controller that interacts with one or more DRAM 
devices. AcceSS Speed is very important in 11 graphics 
Subsystems, and a variety of techniques might be employed 
to optimize the efficiency of memory access cycles. 
0020. One such optimization technique is referred to as 
“tiling,” in which rectangular tiles of graphics pixels are 
represented by portions of memory that can be accessed 
during a Single CAS cycle. For example, in a System 
allowing data transferS of 16 bytes during each CAS opera 
tion, each graphics tile might be defined as a four-by-four 
square, represented by 16 bytes of data. Within the memory 
controller, memory is mapped in Such a way that each 
four-by-four Square is represented by 16 bytes that can be 
read or written in a Single CAS cycle. In other words, the 
tiles are aligned at CAS boundaries. 
0021 FIG. 3 illustrates an example of tiling where each 

tile is defined as a four-by-four Square of 16 pixels, and 
represented within DRAM memory by 16 bytes of data. The 
layout of Storage units in FIG. 3 indicates their mapping to 
physical pixel locations-the Storage units represent a two 
dimensional array of pixels corresponding to the two-di 
mensional arrangement shown in FIG. 3. The Storage units 
shown in FIG. 3 correspond to a row or page of data, in a 
DRAM whose rows or pages each include 128 bytes of data 
that can be accessed in mutually exclusive groups of 16 
bytes per CAS operation. FIG. 3 shows the CAS addresses 
corresponding to individual tiles, ranging from 0 to 7. This 
arrangement allows eight tiles per row or page of DRAM 
memory. 

0022 Tiling works well because access to graphics data 
tends to be localized in two dimensions, a two-dimensional 
graphical object can often be efficiently accessed through 
one or more rectangular tiles such as illustrated in FIG. 3. 
Increasing DRAM bandwidths, however, threaten to actu 
ally decrease the efficiency with which Such data can be 
accessed. This is because larger data paths result in larger 
tiles. In Some cases, the size of the tile is larger than the 
actual graphical objects that need to be accessed. In other 
cases, the size of the tile is comparable in size to that of 
graphical objects in the System, but those objects are posi 
tioned acroSS Several tiles. In other words, the objects are not 
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aligned at CAS boundaries. Thus, it might be necessary to 
access two or more tiles of data in Situations where much 
leSS data is actually needed by the graphics processor. 
0023 FIG. 3 illustrates a situation such as this, in which 
a graphics processor requires access to a Small triangular 
object that is represented by the hatched Storage units shown 
in FIG. 3. Although the triangle has only six pixels, they are 
Spread acroSS three tiles. To process this object requires three 
CAS operations. Although the three CAS operations access 
forty-eight bytes, forty-two will not be used. This represents 
a significant inefficiency. 

0024. Other DRAM operations suffer from similar inef 
ficiencies. Routers, for example, utilize DRAM memory to 
Store data packets. Each packet, which typically includes a 
Small header and a larger payload, is optimally Stored in a 
region of DRAM memory that can be accessed in a Single 
CAS operation. In other words, packets are aligned at CAS 
boundaries. During much of its operation, however, the 
router needs access only to the header, because the header 
contains the information needed by the router to determine 
how to handle the packet as a whole. Even though only the 
relatively small header is needed, the organization of DRAM 
memory typically requires retrieval of the entire packet in 
order to read the header information. In order to retrieve 
multiple headers, multiple CAS operations must be per 
formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 is a simplified block diagram showing 
pertinent components of a prior art DRAM. 
0026 FIG. 2 illustrates the concept of CAS boundaries in 
the prior art. 
0027 FIG. 3 illustrates an example of graphics tiling as 
used in the prior art. 
0028 FIG. 4 is a simplified block diagram showing 
pertinent components of a memory device allowing variable 
offsets. 

0029 FIG. 5 illustrate an arrangement of memory stor 
age units and how they are accessed when using a variable 
offset. 

0030 FIG. 6 is a simplified block diagram showing 
pertinent components of a graphics Subsystem incorporating 
a memory device similar to that shown in FIG. 4. 
0031 FIG. 7 illustrates an arrangement of memory stor 
age units when used in conjunction with graphics tiling 
techniques. 

0032 FIG. 8 illustrates an example of a horizontal offset 
in the system of FIG. 6. 
0033 FIG. 9 illustrates an example of a vertical offset in 
the system of FIG. 6. 
0034 FIG. 10 illustrates an example of both a horizontal 
offset and a vertical offset in the system of FIG. 6. 
0035 FIG. 11 is a simplified block diagram showing 
pertinent components of a packet routing device incorpo 
rating a memory device similar to that shown in FIG. 4. 
0036 FIG. 12 illustrates an arrangement of memory 
Storage units used to Store information packets and headers 
of such information packets in the system shown by FIG. 11. 
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0037 FIG. 13 illustrates an example of accessing infor 
mation packet headers in the system shown by FIG. 11. 

DETAILED DESCRIPTION 

0038 Variable Offset Column Access 
0.039 FIG. 4 shows pertinent components of an inte 
grated circuit memory device 100 that allows variable-offset 
CAS operations. Memory device 100 comprises a plurality 
of memory arrays 112(A)-112(D) each of which comprises 
a plurality of Storage units or memory cells 113 arranged in 
rows and columns. A row decoder 114 receives a row 
address 115 during a RAS cycle or operation to specify a 
row of the arrays to be read into sense amplifiers (not shown) 
for Subsequent CAS access cycles or operations. A row of 
Storage units is shown highlighted to indicate an example of 
row Selection as a result of a RAS operation. In this example, 
the Sixth row of Storage units has been Selected. 

0040 Row decoder 114 is sometimes referred to as a Y 
decoder. A row of Storage units is Sometimes referred to as 
a memory page. 

0041. Each storage unit comprises one or more memory 
cells. For example, a Storage unit might comprise eight 
memory cells, or a byte. Alternatively, a storage unit might 
comprise multiple bytes of memory cells. 

0042. In FIG. 4 and in the following discussion and 
figures, an individual storage unit will be referred to by an 
alphabetic character and a numeric Subscript, Such as "B.' 
The alphabetic character indicates the memory array of the 
Storage unit, and the Subscript indicates the column within 
that array. Thus, Storage unit B is the storage unit at column 
2 of memory array 112(B). It will be assumed that row 
Selection has already taken place, and that the indicated 
Storage unit is from the previously Selected row. 

0043 Memory device 100 further comprises column 
Selection logic that Selects one or more columns of Storage 
units from the currently Selected row. The column Selection 
logic includes a plurality of column decoders 116(A)- 
116(D). In this example, an individual column decoder 116 
corresponds to and is associated with each of memory arrayS 
112. The column decoders correspond respectively to par 
allel data I/O lanes 118(A)-18(D) through which data is 
communicated to and from memory device 100. Each data 
I/O lane 118 comprises a number of individual I/O lines 
corresponding to the number of memory cells in an indi 
vidual data Storage unit. For example, each I/O lane might 
be eight bits or a byte in width. The column decoders are 
responsive to decoder addresses or column addresses 
received during a memory cycle to Select columns from the 
respective memory arrays for access through the data I/O 
lanes. 

0044) The collective data I/O lanes form a parallel data 
I/O path through which groups of Storage units are accessed 
in parallel. Although only four I/O lanes are shown in FIG. 
4, a memory device might desirably have a larger number of 
memory arrays 112, column decoders 116, and data I/O 
lanes 118. For example, a 32 byte wide data path might be 
implemented with 32 memory arrays, column decoders, and 
I/O lanes, each of which is one byte in width. Alternatively, 
a data path of the Same width might be implemented by four 
memory arrays as shown in FIG. 4, where each Storage unit 
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is eight bytes or 32 bits in width. Note also that the internal 
data width of the memory device may be different than the 
external interface. 

0045 Column decoders 116 are sometimes referred to as 
X decoders, and are also referred to herein as lane decoderS. 
0046) The column selection logic of memory device 100 
further comprises 11 column decoder address Specification 
logic 120 from which the column decoders 116 are config 
ured to receive decoder addresses or column Specifications. 
The decoder address Specification logic is responsive to a 
received address Specification to Select the groups of 
memory cells for access through the data I/O path formed by 
the collective data I/O lanes 118. The address specification 
logic 120 allows Selection of memory cells at a granularity 
that is different than and preferably less than the width of the 
data I/O path. This is accomplished in the described embodi 
ment by calculating potentially different decoder addresses 
for the multiple column decoders 116(A)-116(D). Specifi 
cally, at least two of the calculated decoder addresses 
Supplied to the column decoders during a given memory 
cycle can be different from each other. 
0047 The column selection logic allows specification 
and Selection of overlapping groups of memory cells for 
parallel access through data I/O lanes 118. The term “over 
lapping is used herein to indicate groups of memory cells 
or Storage units that are not mutually exclusive. That is, 
different groups can include one or more common memory 
cells or Storage units. For example, a first group might 
include a particular Storage unit Such as Storage unit C, and 
another, different group might also include the same Storage 
unit C. To make the example more specific, storage unit C, 
might be accessible as part of any of the following four, 
different, non-mutually-exclusive groups: {D, A, B, C, 
{A, B, C, D, {B, C, D, A2}, and {C, D, A, B}. 
Other configurations of the column Selection logic might of 
course allow different group compositions. Thus, the con 
cept of a “group' of Storage units is not limited to Storage 
units that are “adjacent each other in a linear arrangement 
of Storage units Such as depicted in FIG. 2. 
0048. In one embodiment, address specification logic 120 
receives a column address 121 and one or more adjustment 
values 122 during a CAS operation. In response to the 
column address and adjustment value(s), the decoder logic 
120 calculates or derives decoder addresses or Specifications 
for the individual column decoders 116. In this example, the 
adjustment value is a column offset or lane offset, indicating 
the number of columns or I/O lanes by which an offset is 
desired from a base column address. As shown in FIG. 4, the 
respective column decoderS are configured to receive poten 
tially different decoder addresses during a Single memory 
access cycle. The column decoders are responsive to the 
received decoder addresses to respectively Select different 
columns or Sets of memory cells for access through I/O lanes 
117 during a memory cycle. Thus, in contrast to the prior art 
device described above in the “Background” section, the 
column decoders are not all responsive to a common column 
address. Rather, different addresses can be provided to 
different column decoders, depending on the Specified offset. 
0049. Although the disclosed embodiment is configured 
to receive both an address and an offset as part of a CAS 
operation, the offset can be provided in different ways. For 
example, the offset can be provided to the memory device 
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using a command other than a CAS command and Stored in 
a memory device register before an actual CAS operation or 
other memory access operation. In one embodiment, a 
Special command can be used to instruct the memory device 
regarding whether or not a previously provided offset should 
be applied in combination with a CAS or other memory 
address during a memory access operation. Alternatively, the 
CAS command itself might indicate whether the offset 
should be applied. AS yet another alternative, the memory 
device might be set by a command or through Some other 
means into one of a plurality of addressing modes, in which 
at least one of the addressing modes uses Supplied or Stored 
offsets in combination with received CAS addresses. At least 
one other of the addressing modes would ignore offset 
values, in which case the memory cells would be accessed 
in mutually exclusive groups. A Similar result could be 
obtained by setting the offset value to Zero. 
0050. Furthermore, although the column selection logic 
is implemented in FIG. 4 by providing independent column 
addresses to the four column decoders 116, other embodi 
ments might be configured differently. For example, each 
column decoder might be configured to receive the column 
address and offset, and to individually account for the offset 
when making a column Selection. 
0051 FIG. 5, in conjunction with FIG. 4, illustrates an 
example of how different storage units can be selected. FIG. 
5 shows the storage units of the row that has been selected 
in FIG. 4 by way of a previous RAS operation. As explained 
in the “Background” Section, above, Such a row comprises 
a page of Storage units. FIG. 5 shows the memory page 
arranged in a linear Sequence, as it might be viewed in many 
Systems. A column address equal to 0 corresponds to Storage 
units Ao, Bo, Co, and Do; a column address equal to 1 
corresponds to Storage units A, B, C, and D, a column 
address equal to 2 corresponds to Storage units A, B, C, 
and D, and So on. Column or lane offsets are specified 
relative to the illustrated linear Sequence of Storage units. 
0.052 In this case, assume it is desired to access Storage 
units C, D, A, and B. This set of Storage units is not 
aligned at a CAS boundary, but spans two column addresses. 
However, these Storage units can be accessed in a Single 
memory access operation by Specifying a column address 
equal to 1 and a column or lane offset equal to 2. It should 
be noted that each of the requested Storage units corresponds 
to a different data I/O lane 118 and associated lane decoder 
116. This will be the case for any contiguous Set of Storage 
units whose number is less than or equal to the number of 
data I/O lanes. 

0.053 Decoder address specification logic 120 receives 
the column address of 1 and an adjustment value or lane 
offset value of 2. In response to receiving these values, logic 
120 calculates decoder addresses for the respective column 
or lane decoders 116. 

0054) Vertical arrows in FIG. 4 indicate the column 
specified by logic 120 for each column decoder in this 
example. In response to the different column Specifications, 
a different column can potentially be selected from each of 
the respective arrayS 112. In this example, the two left-most 
column decoders 116(A) and 116(B) are supplied with 
column specifications corresponding to column 2 of each of 
the respective arrays 112(A) and 112(B), thereby accessing 
Storage units A and B (column 2 of arrays 112(A) and 
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112(B)). The two right-most column decoders 116(C) and 
116(D) are Supplied with column specifications correspond 
ing to column 1 of each of the respective arrays 112(C) and 
112(D), thereby accessing storage units C and D (column 
1 of arrays 112(C) and 112(D)). Thus, as illustrated at the 
bottom of FIG. 4, Storage units C, D, A, and B are 
transferred through I/O lanes 118. 

0055. Note that the storage units at I/O lanes 118 are out 
of their normal order, due to their natural lane assignments. 
That is, a storage unit from array 112(A) will always be 
accessed through I/O lane 118(A), a storage unit from array 
112(B) will always be accessed through I/O lane 118(B), and 
So on. This is because any given Storage unit is accessible in 
this implementation through one and only one I/O lane, and 
each Storage unit is always accessible through the same I/O 
lane. Additional logic may be implemented within memory 
device 100 to restore the normal ordering at pins 118. 
However, memory device 100 preferably does not include 
Such additional logic, devices that access memory device 
100 are preferably configured to account for the variable 
ordering when using this mode of memory access. 

0056. The configuration shown in FIG. 4 improves upon 
the CAS alignment of the prior art by allowing column 
offsets at a granularity that is equal to that of the column 
decoderS and data I/O lanes. Stated alternatively, memory 
accesses do not need to be aligned at CAS boundaries. By 
reducing the Size of individual I/O lanes and increasing their 
number, alignment granularity can be reduced to whatever 
level is desired. Furthermore, Such Small granularity can be 
achieved with very little in the way of additional hardware 
and without increasing the number of core I/O data bits. 
Additional hardware is kept to a minimum by utilizing 
existing column I/O lines rather than creating new data 
paths. 

0057 Although this embodiment illustrates one example 
of how a particular Storage unit might be available in one of 
four different groups, other embodiments might provide for 
different group configurations in which a storage unit is 
accessible as part of two or more Selectable groups of 
Storage units. In other words, the Storage units comprising a 
group are not necessarily limited to Storage units that appear 
“adjacent each other in the linear arrangement illustrated in 
FIG. 5. A good example of this is described below, in the 
Subsection entitled “Packet Router'. 

0058 Column logic 120 can be implemented in different 
ways, Such as with an arithmetic logic unit or through the use 
of a lookup table. Actual parameters will depend the number 
of data I/O lanes 118. In this example, decoder addresses are 
calculated or derived from the column address and lane 
offset as indicated in the following table, where COL is the 
received column address; OFFSET is the received adjust 
ment value, column offset, or lane offset; and DEC(a), 
DEC(b), DEC(c), and DEC(d) are the decoder addresses that 
are calculated by logic 120 and Supplied to the four column 
decoders 116(A), 116(B), 116(C), and 116(D), respectively. 
Each row of the table indicates how a decoder address is 
calculated for a particular lane decoder as a function of the 
four possible OFFSET values. 
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TABLE 2 

OFFSET 

O 1. 2 3 

DEC(a) COL COL - 1 COL - 1 COL - 1 
DEC(b) COL COL COL - 1 COL - 1 
DEC(c) COL COL COL COL - 1 
DEC(d) COL COL COL COL 

0059. The table can be extended to cover situations in 
which there are more than four I/O lanes and corresponding 
column decoderS. 

0060) 2-D Spatial Offset In a Graphics System 

0061 FIG. 6 shows a graphics system 200 that includes 
a graphics controller 202 and one or more DRAM memory 
devices 204 configured for use as graphics memory. Each 
memory device 204 is configured similarly to the device 
described above with reference to FIG. 4, to allow variable 
offsets. In this embodiment, the memory Storage units are 
configured and mapped to represent rectangular tiles of 
graphics pixels having at least two pixel dimensions. AS will 
become apparent in the following discussion, the offsets in 
this embodiment can be specified in terms of horizontal 
and/or vertical pixel rows, relative to the rectangular graph 
ics tiles. The offsets are not constrained to multiples of the 
two pixel dimensions. 
0.062 Each memory device includes a plurality of 
memory arrayS 212 and an associated row decoder 214. 
Each memory array 212 comprises a plurality of memory 
Storage units configured to Store graphics memory data. 

0.063 Memory device 200 includes column or lane selec 
tion logic that includes a lane decoder 216 associated with 
each array 212. There is a data I/O lane 218 corresponding 
to each array 212 and lane decoder 216. The data I/O lanes 
are accessed in parallel by graphics controller 202. The 
column or lane Selection logic also includes address Speci 
fication logic 220, also referred to herein as decoder logic, 
which calculates decoder addresses for each of lane decod 
erS 216. AS described above, the lane decoders are config 
ured to receive independent address Specifications from 
decoder logic 220. The address specifications provided by 
decoder logic 220 are calculated or derived from a CAS 
column address and one or more adjustment values provided 
by graphics controller 202. In this example, the adjustment 
values comprise one or more dimensional offset values 
Specified in terms of pixel columns and rows, as will be 
described in more detail below. The lane decoders are 
responsive to the address Specifications to Select memory 
Storage units for transfer through data lanes 218. AS with the 
embodiment previously described, the column Selection 
logic is not constrained to accessing corresponding columns 
of the arrays in parallel. Rather, a Single memory operation 
can potentially access, in parallel, a different column from 
each of the available arrayS. 

0064. In the described embodiment, each storage unit, 
data I/O lane, and lane decoder is a single byte in width, 
although other embodiments might utilize different widths. 
For example, each Storage unit, data I/O lane, and lane 
decoder might be multiple bytes in width. 
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0065 Graphics controller 202 implements tiling, in 
which the Storage units retrieved in a Single CAS operation 
are mapped to a two-dimensional rectangle of display pixels. 
During each memory cycle, the parallel data I/O lanes 
collectively transfer memory data corresponding to a rect 
angular tile of graphics pixels. 
0066 FIG. 7 shows an example of how a graphics 
controller might map Storage units to physical display loca 
tions. Although only four memory arrays are shown in FIG. 
6 for purposes of illustration, it is assumed in FIG. 7 that 
memory device 204 has sixteen memory arrays, “A” through 
“P”. It is further assumed that there is a dedicated lane and 
lane decoder for each of the Sixteen memory arrayS. Thus, 
Sixteen Storage units can be accessed in parallel during a 
Single CAS operation. 

0067. In this example, each set of sixteen storage units is 
mapped to a four-by-four square of pixels. FIG. 7 shows a 
row or page 300 of Such mapped Storage units, comprising 
a total of twelve four-by-four tiles. The tiles are arranged 
with a width W of four tiles. FIG. 7 uses similar nomen 
clature as used above in designating Storage units, an alpha 
betic character with a numeric Subscript: the character 
indicates the array of the Storage unit (A through P) and the 
Subscript indicates the column within the array. Thus, the 
first or upper left tile contains Storage units Ao through Po, 
the Second tile contains Storage units A through P; and So 
on; continuing in order from left to right and from top to 
bottom. 

0068. In a conventional system, it would be possible to 
access this memory only at the granularity of a tile. That is, 
each CAS operation could specify a single column address, 
which would correspond to one of the twelve tiles shown in 
FIG. 7. In the system of FIG. 6, however, memory device 
204 is configured to allow X (horizontal) and Y (vertical) 
Spatial offsets So that any four-by-four group of Storage units 
can be accessed in a CAS operation, regardless of tile 
boundaries or alignment. AS in the previously described 
embodiment, this is accomplished by calculating decoder 
addresses for the individual lane decoderS Such that two or 
more of the decoder addresses are potentially different from 
each other, or by otherwise Selecting columns of arrayS 212 
in a way that allows different columns to be selected for at 
least two of the arrays 212. This allows for selection and 
access, during respective memory operations, of overlap 
ping tiles-a given Storage unit can be accessed as part of a 
number of different tiles. AS an example, Storage unit K of 
FIG. 7 can be accessed as part of a 4 by 4 tile whose upper 
left corner is formed by storage unit Do, by a 4 by 4 tile 
whose upper left corner is formed by Storage unit F, or as 
part of a number of different overlapping tiles. AS above, the 
term “overlapping” is used to indicate groups of memory 
cells or Storage units that are not mutually exclusive. That is, 
different groups can include one or more common memory 
cells or Storage units. Although the described example 
defines Such groups in terms of two-dimensional tiles, 
groups could be defined in other ways and are not neces 
Sarily limited to Storage units that are “adjacent each other 
in a two-dimensional arrangement of Storage units Such as 
depicted in FIG. 7. Offsets are specified by graphics con 
troller 202 to memory device 204 during or prior to CAS 
operations. The offsets are specified in terms of the pixel 
columns and rows of the current tiling Scheme, and thus 
comprise a horizontal or X pixel offset value and/or a 
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Vertical or Y pixel offset value. In response to receiving X 
and Y offsets, the decoder logic 220 calculates appropriate 
decoder addresses for each of the lane decoders 216. The 
offsets are not constrained to multiples of the tiling pixel 
dimensions. In the described embodiment, for example, the 
offsets are not constrained multiples of four, which is both 
the horizontal and vertical dimension of the tiles. 

0069 FIG. 8 illustrates an example of a horizontal offset. 
Specifically, it is desired in this example to access a tile 310 
whose upper left corner is formed by the Do Storage unit. 
This corresponds to column address 0, with an offset of three 
columns in the X or horizontal direction. More Specifically, 
this tile comprises the following four-by-four array of Stor 
age units, in order from left to right and then top to bottom: 
Do, A, B, C, Ho, E, F, G, Lo, I J, K, Po, M, N, and 
O. 
0070 The result of this selection at the data I/O lanes of 
memory device 204 is shown by an array 312 of storage 
units corresponding to data I/O lanes 218. AS in the previous, 
one-dimensional example, the Storage units appear out of 
their normal order due to their natural lane assignments. For 
example, Storage unit A will always appear on the data I/O 
lane corresponding to array “A”, even when this Storage unit 
does not correspond to the upper left corner of the tile being 
accessed. Thus, as with the previous example, any given 
Storage unit is accessible in this implementation through one 
and only one I/O lane. Graphics controller 202 preferably 
has logic for internally dealing with the Storage units in this 
format. 

0071. The following table indicates the logic imple 
mented by decoder logic 220 to perform an X or horizontal 
offset with respect to the illustrated configuration. Specifi 
cally, each row of the table indicates how a decoder address 
is calculated for a particular lane decoder DEC(n) as a 
function of the four possible X OFFSET values. 

TABLE 2 

OFFSET 

O 1. 2 3 

DEC(a) COL COL + 1 COL - 1 COL - 1 
DEC(b) COL COL COL - 1 COL - 1 
DEC(c) COL COL COL COL - 1 
DEC(d) COL COL COL COL 
DEC(e) COL COL + 1 COL - 1 COL - 1 
DEC(f) COL COL COL - 1 COL - 1 
DEC(g) COL COL COL COL - 1 
DEC(h) COL COL COL COL 
DEC(i) COL COL + 1 COL - 1 COL - 1 
DECG) COL COL COL - 1 COL - 1 
DEC(k) COL COL COL COL - 1 
DEC(I) COL COL COL COL 
DEC(m) COL COL + 1 COL - 1 COL - 1 
DEC(n) COL COL COL - 1 COL - 1 
DEC(o) COL COL COL COL - 1 
DEC(p) COL COL COL COL 

0.072 The details of this table will of course vary depend 
ing on the particular tiling arrangement in use and on the 
number of individual lane decoders. Note that tiles need not 
always be Square: the tiling arrangement could utilize tiles 
that are longer in one dimension than the other. 
0073 FIG. 9 illustrates an example of a vertical offset. 
Specifically, it is desired in this example to access a tile 320 
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whose upper left corner is formed by the E Storage unit. 
This corresponds to column address 0, with an offset of one 
column in the Y or vertical direction. More specifically, this 
tile comprises the following four-by-four array of Storage 
units, in order from left to right and then top to bottom: Eo, 
Fo, Go, Ho, Io, Jo, Ko, Lo, Mo, No, Oo, Po, A, B, C, and D. 
0074 The result of this selection at the data I/O lanes of 
memory device 204 is shown by array 322. Again, the 
Storage units appear out of their normal order due to their 
natural lane assignments. For example, Storage unit A will 
always appear on the data I/O lane corresponding to array 
“A”, even when this Storage unit does not correspond to the 
upper left corner of the tile being accessed. Thus, as with the 
previous example, any given Storage unit is accessible in this 
implementation through one and only one I/O lane. Graphics 
controller 202 preferably has logic for internally dealing 
with the Storage units in this format. 
0075. The following table indicates the logic imple 
mented by decoder logic 220 to perform a Y or vertical offset 
with respect to the illustrated configuration. Specifically, 
each row of the table indicates how a decoder address is 
calculated for a particular lane decoder DEC(n) as a function 
of the four possible Y OFFSET values. W is number of tiles 
in the horizontal direction. For example, W is equal to four 
in the tiling scheme illustrated in FIG. 7. 

TABLE 3 

OFFSET 

O 1. 2 3 

DEC(a) COL COL - W COL - W COL - W 
DEC(b) COL COL - W COL - W COL - W 
DEC(c) COL COL - W COL - W COL - W 
DEC(d) COL COL - W COL - W COL - W 
DEC(e) COL COL COL- W COL - W 
DEC(f) COL COL COL- W COL - W 
DEC(g) COL COL COL- W COL - W 
DEC(h) COL COL COL- W COL - W 
DECG) COL COL COL COL- W 
DECG) COL COL COL COL- W 
DEC(k) COL COL COL COL- W 
DEC(I) COL COL COL COL- W 
DEC(m) COL COL COL COL 
DEC(n) COL COL COL COL 
DEC(o) COL COL COL COL 
DEC(p) COL COL COL COL 

0.076 FIG. 10 illustrates an example of a combination of 
a horizontal and a vertical offset. Specifically, it is desired in 
this example to access a tile 330 whose upper left corner is 
formed by the Ho Storage unit. This corresponds to column 
address 0, with a horizontal or X offset of three and a vertical 
or Y offset of one. More specifically, this tile comprises the 
following four-by-four array of Storage units, in order from 
left to right and then top to bottom: Ho, E, F, G, Lo, I, 
J, K, Po, M, N, O, D, As, Bs, and Cs. 
0077. The result of this selection at the data I/O lanes of 
memory device 204 is shown by array 332, which corre 
sponds to data I/O lanes 218 of FIG. 6. The storage units 
appear out of their normal order due to their natural lane 
assignments. For example, Storage unit As will always 
appear on the data I/O lane corresponding to array “A”, even 
when this Storage unit does not correspond to the upper left 
corner of the tile being accessed. Graphics controller 202 
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preferably has logic for internally rearranging the data to 
account for this characteristic. 

0078. In order to perform an X and Y offset, decoder logic 
220 is configured to 11 calculate individual column decoder 
addresses in accordance with the preceding two tables. 
Specifically, decoder logic first performs the logic of Table 
2 with respect to the received column address, and then 
performs the logic of Table 3 with respect to the column 
addresses resulting from Table 2. 

007.9 The tables set forth above assume that the tiling 
configuration is fixed. However, decoder logic 220 can 
optionally be configured with Storage registerS 340 that can 
be programmed dynamically by graphics controller 202 to 
indicate tiling parameters or parameterS Such as the width 
and height of an individual tile and the number of tiles in 
each horizontal row of tiles. When this is the case, decoder 
logic 220 calculates the column addresses based the received 
memory address, any received offsets or adjustment values, 
and on any programmed and Stored tiling parameters. 
Lookup tables can be used as described above, but become 
more complex due to the larger numbers of variables. 

0080 Furthermore, although the disclosed embodiment 
is configured to receive both an address and one or more 
offsets as part of a CAS operation, the offsets can be 
provided in different ways. For example, the offsets can be 
provided to the memory device using a command other than 
a CAS command and Stored in memory device registers 
prior to an actual CAS operation. In one embodiment, a 
Special command might be used to instruct the memory 
device regarding whether or not previously provided offsets 
should be applied in combination with a CAS address. 
Alternatively, the CAS command itself might indicate 
whether the offsets should be applied. As yet another alter 
native, the memory device might be set by a command or 
through Some other means into one of a plurality of address 
ing modes, in which at least one of the addressing modes 
uses Supplied or Stored offsets in combination with received 
CAS addresses. At least one other of the addressing modes 
would ignore offset values, in which case the memory cells 
would be accessed in mutually exclusive or non-overlapping 
tiles. A similar result could be obtained by setting the offset 
values to Zero. 

0081. The ability to specify spatial offsets relative to 
graphics tiles allows for greatly increased memory acceSS 
efficiency in many situations. In the situation illustrated by 
FIG. 3, for example, the graphics triangle can be accessed 
in a Single memory operation by Specifying a column or 
CAS address of 1, a horizontal offset of two pixels, and a 
Vertical offset of three pixels. Three memory access cycles 
would have been required in prior art Systems. 

0082 Furthermore, the improvements in efficiency are 
gained with very little in the way of additional hardware. 
Existing I/O paths are utilized and no additional logic is 
introduced in the I/O paths. Instead, minimal logic is added 
to calculate appropriate addresses for the column decoderS. 
In Some situations, it will be desirable to increase the 
number of independent column decoders. In other situations, 
however, existing designs will already utilize a Sufficient 
number of column decoders, and only the address calcula 
tion logic will need to be added to Such designs. 
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0083) Packet Router 
0084 FIG. 11 shows a packet router or packet routing 
system 400 that includes a packet routing logic 402 and one 
or more DRAM memory devices 404 configured for use as 
intermediate Storage of information packets as they are 
handled by routing logic 402. Each memory device 404 is 
configured similarly to the device described above with 
reference to FIG. 4, in that memory may be accessed at 
alignments that are not necessarily multiples of the data I/O 
path width. Packet 1 routing logic 402 receives packets and 
routes them in accordance with information contained in 
headers of the packets. 
0085 Each memory device includes a plurality of 
memory arrayS 412 and an associated row decoder 414. 
Each memory array 412 comprises a plurality of memory 
Storage units configured to Store information packets. 

0086 Memory device 400 has column or lane selection 
logic that includes a lane decoder 416 associated with each 
array 412. There is a data I/O lane 418 corresponding to each 
array 412 and lane decoder 416. The data I/O lanes are 
accessed in parallel by routing logic 402. The column or lane 
Selection logic also includes address Specification logic 420, 
also referred to herein as decoder logic, which calculates 
decoder addresses for each of lane decoders 416. The lane 
decoders are configured to receive independent address 
Specifications from decoder logic 420. The address Specifi 
cations provided by decoder logic 420 are calculated or 
derived from a CAS column address and one or more 
adjustment or mode values provided by routing logic 402. 
The lane decoderS are responsive to the address Specifica 
tions to Select memory Storage units for transfer through data 
lanes 418. Each Storage unit, data I/O lane, and lane decoder 
is one or more bytes in width. 
0087 Routing logic 402 is configured to store routable 
packets Such as TCP or IP packets, or packets formatted in 
accordance with Some other communications protocol. The 
packets are preferably arranged in memory So that each 
packet can be accessed in a single CAS operation-the 
packets are aligned at CAS boundaries. 
0088 FIG. 12 shows a preferred alignment of packets 
within the memory illustrated in FIG. 11, in a simplified 
example in which it is assumed that each packet occupies 
four Storage units, and that the header of each packet is 
contained within a single Storage unit. This example 
assumes four parallel data I/O lanes, A, B, C, and D. The 
nomenclature used to designate Storage units in FIG. 12 is 
the same as that used above. 

0089. The packets are aligned with CAS access bound 
aries, So that an entire packet can be accessed in parallel in 
a single memory operation. For example, Packet 0 is Stored 
in memory Storage units A, B, Co, and Do, Packet 1 is 
Stored in memory Storage units A, B, C, and D, and So 
on. AS illustrated, however, the headers are rearranged 
within the packets So that the headers are dispersed acroSS 
the four memory arrays: the header of Packet 0 is stored in 
A, the header of Packet 1 is stored at B, the header of 
Packet 2 is stored at C, and the header of Packet 4 is stored 
at D. This pattern repeats itself, So that the headers of any 
four adjacent packets are Stored in the four different memory 
arrays of memory device 202, corresponding to the four data 
lanes 418 of memory device 202. 
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0090 Decoder logic 420 has one or more mode registers 
that can be dynamically programmed to Set different opera 
tion modes. In the normal mode, conventional CAS cycles 
are performed to read individual packets. However, the 
decoding logic can be dynamically configured to Set a 
header mode in which different column addresses are pro 
vided to the respective column decoders 416, so that a 
plurality of packet headers can be read through data I/O 
lanes 418 during a CAS memory access cycle. In this mode, 
a column is specified by routing logic 402 during the CAS 
cycle. In response to the column Specification, the decoder 
logic calculates individual column addresses in a manner 
that is determined by the predefined layout of headers within 
adjacent portions of memory. In particular, the column 
addresses are calculated to Select the column from each 
memory array that holds the packet header. 
0.091 FIG. 13 shows such a selection, assuming that 
column O has been Specified during the CAS operation. AS 
shown, the decoder logic Selects Storage units A, B, C, 
and D-those storage units in which the packet headers are 
Stored-and allows access to those Storage units through 
data I/O lanes 418. 

0092. The header mode can be set in various ways. For 
example, the CAS command itself might indicate whether or 
not the header mode is to be used. AS another example, an 
address bit might be used to indicate whether normal or 
header mode is to be used. Alternatively, a command might 
be used to Set the memory device into a header mode. As yet 
another alternative, the memory device might include a 
register that is programmable to indicate whether or not the 
header mode is to be employed. 
0093. This represents a significant improvement in the 
ability to access header information. Specifically, the ability 
to access-in a single memory cycle-either an entire 
packet or a plurality of packet headers allow much more 
efficient router operation. 

Conclusion 

0094. Although details of specific implementations and 
embodiments are described above, Such details are intended 
to Satisfy Statutory disclosure obligations rather than to limit 
the Scope of the following claims. Thus, the invention as 
defined by the claims is not limited to the specific features 
described above. Rather, the invention is claimed in any of 
its forms or modifications that fall within the proper Scope 
of the appended claims, appropriately interpreted in accor 
dance with the doctrine of equivalents. 

1-2. (canceled) 
3. An integrated circuit memory device comprising: 
first and Second memory arrays, 
a first column decoder, coupled to the first memory array, 

to Select first data in response to a first column address 
received during a column operation; and 

a Second column decoder, coupled to the Second memory 
array, to Select Second data in response to a Second 
column access received during the column operation. 

4. The integrated circuit memory device of claim 3, 
further comprising a row decoder circuit to enable, based on 
a row address, a first row of data to be output from the first 
memory array and a Second row of data to be output from the 
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Second memory array, wherein the first data is Selected by 
the first column decoder from the first row of data and the 
Second data is Selected by the Second column decoder from 
the Second row of data. 

5. The integrated circuit memory device of claim 4, 
further comprising: 

first Sense amplifiers to Store the first row of data output 
from the first memory array; and 

Second Sense amplifiers to Store the Second row of data 
output from the Second memory array. 

6. The integrated circuit memory device of claim 5 further 
comprising: 

a first plurality of internal Signal lines coupled to the first 
Sense amplifiers to enable the first data Selected by the 
first column decoder to be output from the integrated 
circuit memory device during the column operation; 
and 

a Second plurality of internal Signal lines coupled to the 
Second Sense amplifiers to enable the Second data 
Selected by the Second column decoder to be output 
from the integrated circuit memory device during the 
column operation. 

7. The integrated circuit memory device of claim 3, 
wherein the second column address is different than the first 
column address. 

8. The integrated circuit memory device of claim 3, 
further comprising address Specification logic coupled to the 
first column decoder and the Second column decoder, the 
address Specification logic to receive a third column address 
and a first adjustment value and generate the first column 
address based, at least in part, on the first adjustment value 
and the third column address. 

9. The integrated circuit memory device of claim 8, 
wherein the address Specification logic is to receive a Second 
adjustment value and generate the Second column address 
based, at least in part, on the Second adjustment value and 
the third column address. 

10. The integrated circuit memory device of claim 8, 
further comprising a register to Store the first adjustment 
value. 

11. The integrated circuit memory device of claim 10, 
wherein the memory device Stores the first adjustment value 
in the register in response to a command. 

12. The integrated circuit memory device of claim 3, 
wherein: 

the first column decoder derives the first column address 
at least in part from a third column address and a first 
offset; and 

the Second column decoder derives the Second column 
address at least in part from the third column address 
and a Second offset. 

13. A graphics System comprising: 

a dynamic random access memory device including: 
a first memory array having Storage cells and a Second 
memory array having Storage cells, 

a first column decoder coupled to the first memory 
array, the first column decoder to access first data 
from a column of Storage units in the first memory 
array based on a first column address, and 
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a Second column decoder coupled to the Second 
memory array, the Second column decoder to access 
Second data from a column of Storage units in the 
Second memory array based on a Second column 
address, and 

a graphics controller, coupled to the dynamic random 
acceSS memory device, to acceSS in parallel, the first 
data from the column of Storage units in the first 
memory array, and the Second data from the column of 
Storage units in the Second memory array. 

14. The graphics System of claim 13, wherein the graphics 
controller is coupled to the dynamic random acceSS memory 
to access in parallel during a column access cycle, both the 
first data from the column of Storage units in the first 
memory array, and the Second data from the column of 
Storage units in the Second memory array. 

15. The graphics system of claim 13, wherein the dynamic 
random access memory device further includes a first data 
lane coupled to the first column decoder and a Second data 
lane coupled to the Second column decoder, wherein the 
graphics controller is to access the column of Storage units 
in the first memory array through the first data lane and the 
memory controller is to access the column of Storage units 
in the Second memory array through the Second data lane. 

16. The graphics system of claim 15, wherein the first data 
lane is a byte in width and the Second data lane is a byte in 
width. 

17. The graphics System of claim 13 wherein the dynamic 
random acceSS memory device further includes a row 
decoder circuit to Select, based on a row address, a first row 
in the first memory array and a Second row in the Second 
memory array, wherein the column of Storage units in the 
first memory array is located in the first row and the column 
of Storage units in the Second memory array is located in the 
Second row. 

18. The graphics system of claim 13, wherein the second 
column address is different than the first column address. 

19. The graphics System of claim 13, further comprising 
address Specification logic coupled to the first column 
decoder and the Second column decoder, the address Speci 
fication logic to generate the first column address using the 
first adjustment value and a third column address. 

20. The graphics system of claim 13, wherein the dynamic 
random acceSS memory device comprises a register to Store 
the first adjustment value in response to a command from the 
graphics controller. 

21. The graphics System of claim 13, wherein: 
the first column decoder derives the first column address 

using a third column address and a first offset; and 
the Second column decoder derives the Second column 

address using the third column address and a Second 
offset. 

22. A method of operation in a System having a memory 
device and a controller device coupled to one another, 
wherein the memory device includes a first memory array 
and a Second memory array, the method comprising: 

Selecting a column of Storage units in the first memory 
array based on a first column address, 

Selecting a column of Storage units in the Second memory 
array based on a Second column address, and 
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the controller device accessing, in parallel, data from the 
column of Storage units in the first memory array and 
data from the column of Storage units in the Second 
memory array. 

23. The method of claim 22, further comprising Selecting, 
based on a row address, a first row in the first memory array 
and a Second row in the Second memory array, wherein the 
column of Storage units in the first memory array is located 
in the first row and the column of Storage units in the Second 
memory array is located in the Second row. 

24. The method of claim 22, faker comprising: 
the memory device receiving a third column address from 

the controller device; 
the memory device receiving a first adjustment value from 

the controller device; and 
the memory device generating the first column address 

using the first adjustment value and the third column 
address. 

25. The method of claim 24, further comprising: 
the memory device receiving a Second adjustment value 

from the controller device; and 
the memory device generating the Second column address 

using the Second adjustment value and the third column 
address. 

26. The method of claim 24, further comprising: 
the memory device receiving a command from the con 

troller device; and 
the memory device Storing the first adjustment value in 

the register in response to the command. 
27. The method of claim 22, further comprising: 
the controller device providing, to the memory device, a 

third column address, a first offset and a Second offset; 
the memory device deriving the first column address 

using the third column address and the first offset; and 
the memory device deriving the Second column address 

using the third column address and the Second offset. 
28. The method of claim 22, wherein selecting the column 

of Storage units in the first memory array based on the first 
column address is performed concurrently with Selecting the 
column of Storage units in the Second memory array based 
on the Second column address. 

29. A memory device comprising: 
a first memory array having Storage units and a Second 
memory array having Storage units, 

a first column decoder coupled to the first memory array, 
the first column decoder to Select during a column 
operation, a column of Storage units in the first memory 
array based on a first column address, and 

a Second column decoder coupled to the Second memory 
array, the Second column decoder to Select, during the 
column operation, a column of Storage units in the 
Second memory array based on a Second column 
address, 

a row decoder circuit to Select, based on a row address, a 
first row in the first memory array and a Second row in 
the Second memory array, wherein the column of 
Storage units in the first memory array is located in the 
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first row and the column of Storage units in the Second memory array with the first Sense amplifiers during the 
memory array is located in the Second row; column operation; 

first Sense amplifiers, coupled to the first memory array, to a Second plurality of internal lines to transfer second data 
corresponding to the column of Storage units in the Sense data Stored in the first row, Second memory array with the Second Sense amplifiers 

Second Sense amplifiers, coupled to the Second memory during the column operation; and 
array, to Sense data Stored in the Second row; an external interface to provide access to the first data and 

the Second data during the column operation. 
a first plurality of internal lines to transfer first data 9. p 

corresponding to the column of Storage units in the first k . . . . 


